Abstract. In this paper we propose an automatic updating system for urban vector maps that is able to detect changes between the old dataset (consisting of both vector and raster maps) and the present time situation represented in a raster map. In order to automatically detect as much changes as possible and to extract vector data for new buildings we present a system composed of three main parts: the first part detects changes between the input vector map and the new raster map (based on edge matching), the second part locates new objects (based on color segmentation), and the third part extracts new objects boundaries to be used for updating the vector map (based on edge detection, color segmentation and adaptive edge linking). Experiments on real datasets illustrate the approach.
Introduction
A significant amount of work has been done in the field of aerial image processing in particular regarding the detection of buildings or other man-made structures such as roads, railways, and others [1, 2, 3, 4, 5] . These results could be of great help, if they were applied to update data stored in a Geographical Information System (GIS).
Geographical data in a GIS are usually structured in different logical layers, each one containing a specific type of geographical features [6] (for example, there could be a layer for roads, one for buildings and one for rivers). We call this set of layers a GIS database. Data in layers are obtained from survey processes that require: a) the acquisition of aerial images of the territory of interest and b) the processing of these images by human experts using specific optical tools in order to extract the vector representation of the features of interest. GIS applications require up to date information in order to be effective, and this cannot be achieved without time consuming and expensive operations, if the above approach is applied; indeed, it requires to repeat the process from the beginning creating a completely new layer of vector data.
As suggested by some previous papers in the areas of GIS and remote sensing [7, 8] , a layer of a GIS database, containing the vector representation of a set of features, can be updated by comparing the original aerial image (from which the vector representation was derived) against some new images of the same area. Now, the problem is: how can we reduce the cost of this operation? Obviously the cost for the realization of the new ortophotos cannot be avoided, however we can reduce the cost of the comparison operation between old and new data by adopting automatic tools that are able to automatically detect changes and update datasets avoiding human work. In this paper an automatic approach to GIS updating is proposed, based on image processing techniques, namely edge matching, color segmentation and edge detection and linking.
Overview of the Proposed Approach
Our approach is divided in three phases. In the following, we call V old (L) the old vector representation of the layer L, R old the old ortophoto, or old raster map, and R new the new ortophoto, or new raster map. Moreover, we focus on features with a polygonal representation in vector format. In this paper a direct application of this general approach to the buildings layer updating is proposed: preliminary experimental evaluation on real datasets shows promising results.
In the paper we analyze in detail each part of the system. In particular, Section 2 presents the proposed approach for automatic detection of changes and contains a subsection for each phase of the approach as above described. Section 3 illustrates the results obtained by apply this approach to real aerial images and GIS databases. Finally, Section 4 outlines conclusions and future perspectives.
Method

Detection of Buildings Boundary Changes
The method we used is inspired by [9] . The input data of the system are: the vector map at time t (V old ), the raster image at time t (R old ) and the raster image at time t + ∆t (R new ), where ∆t is the time lag between the old and the new image.
We need to compare old information with the newer one and to identify changes that occurred in the meantime. In our approach, this is equivalent to comparing an object as it is represented in an image captured at instance t + ∆t to the same object represented in a vector format at time t. In the case of buildings, the vector data represents the building outline.
The old vector information is retrieved from a GIS database. Using positional information from this database and geo-referencing information from the new image, we transfer the old object information onto the new image. V old produces edge templates that should be validated in R new .
To make the comparison more precise, we partition our vector polygons in smaller segments, according to the MSE (Minimum Spatial Element) criterion defined in [10] , which defines the spatial resolution of changes.
We locate the gradient maximum value in the direction perpendicular to the edge template: we compare the position of this maximum value with the edge template position. If the difference is less than few pixels, vector data is validated, otherwise a possible change is detected. Before a change flag is raised, the detection must be confirmed on the raster image with a robust method for change detection based on the following ratio:
where µ and σ are the mean gray value and the variance for the region being compared. Only if λ is greater than a threshold, a change is detected. This copes with the case when an edge of V old does not match with R new , but no changes happened. Consider for example the case when vegetation occludes edges both in R new and R old .
In short, we can resume step-by-step our method as follow: Please note that this part of our system is only able to detect changes in building already present in V old . Namely, the following situations are catered for: buildings that have been enlarged/reduced, or building that have been pulled down.
The following section describe our strategy for locating new buildings, i.e., buildings constructed after time t.
Finding New Buildings' Location
Observing a lot of aerial images, we can notice that buildings' rooftop in the same area have a good probability to have a similar color. We can therefore define a color range for buildings by computing the average color value of areas where no changes have been detected. This is particularly important since it allows an automatic definition of the range based on the present time image R new .
The method for detecting new buildings is based on simple color image segmentation. As customary, we work in the HSV (Hue Saturation and Value) color space and use the chrominance (hue and saturation) information only.
The image is segmented by thresholding the H and S image channels. The threshold values θ min and θ max (one for each channel) are computed as follows:
where µ and c represents the color range obtained from examples.
The result is then refined with morphological operations [11] . We can notice that buildings have generally a regular, and compact shape. By analyzing ratio between perimeter and area of blobs in the output binary image, we can select the areas that are reasonably roofs.
Recovery of Vector Data for New Buildings and Update of Vector Map
In this last part of the system, the vector map V old is updated to obtain the new map V new . To this end we take into account the parts of V old that have not been validated (Sec 2.1), corresponding to changes to old buildings, and the new buildings detected in Sec. 2.2. Let us start with the processing applied in the case of new buildings. The output of the previous stage is the geo-referenced location of areas containing new buildings. The goal is to obtain a polygonal representation for each building. The boundary of the building are located using both edge detection (Canny [12] operator) and the result of color segmentation from the previous phase.
The found edges and regions are then integrated using an adaptive method that fits a closed polygon. This approach has some advantages:
-it is a very natural way of combining edge detection and color segmentation results; -it enforces the type of result that we are looking for, namely closed polygons; -it does not impose unnecessary constraints on the shape a building could have.
Our fitting method starts with a bounding box, strictly containing the segmented region, decomposed according to the method used in Section 2.1. Then, the first segment is moved toward the center of the region until it reaches the boundary of the building. This condition is expressed by requiring that the segment should coincide with as much edge points as possible and should lie on a color boundary. In formulae, the following two conditions must be satisfied. The first is 1 n
where i ∈ [0, n] with n number of points in the segment, x i is the abscissa of i-th segment point and y i its ordinate, E the edge map produced by edge detection process and λ 1 is a threshold. The measure above express the rate of segment points that coincide with edge points. The second writes:
where s i+1 is the rate of points just one pixel above the segment that belongs to the segmented region, and s i−1 is the rate of points just one pixel under the segment that belongs to the segmented region. When such a position is reached, the next segment is placed with the additional constraint that one endpoint must coincide with the previous, so as to form a closed polyline.
In the case of updating the representation of an already exiting building, only the region where the changing took place is considered, and only segments that have not been validated are moved. 
Results
The proposed method has been tested using aerial images of the Davies city, California 1 . The images were digitized and orthorectified to remove distortion introduced from varying camera angles and distances. These images are taken as R old , whereas the present images R new , are obtained by manually editing the old ones. Fig. 2 . Result: yellows parts are confirmed vector data, the blue parts are new buildings not present in the vector data (i.e. not present in the historical images) and the red parts are the parts described in the vector data but that do not match with the present image.
An example of two images taken in input is shown in Figure 1(a) and (b) , representing the old image R old and the present image R new , respectively.
Comparing the two images one can see that a house located in the bottom left of the image disappears in the present image, while another house appears in the bottom left of the central agglomerate of houses. A littler difference could also be noticed in the first and the fifth house of the second row from the top, which change their configuration. The vector data taken in input is relative to the historical image, and the goal is to update it basing on the new image, i.e. to find the disagreements described below. The result obtained with the application of our method is presented in Figure 2 : yellows parts are confirmed vector data, the blue parts are new buildings not present in the vector data (i.e. not present in the historical images) and the red parts are the parts described in the vector data but that do not match with the present image.
One can note that obtained results are really satisfactory, all disagreements between older and new images have been found and coded in polygonal form, suitable for vector data updating.
Conclusions
In this paper we proposed a complete semi automatic method to update vector maps of a GIS database. Detection of changes regarding a given feature type (i.e., roads, buildings, etc.) is performed by integrating vector and raster data. Features are located based on color segmentation and shape; moreover, vector outline of new features are extracted through an new adaptive edge linking method. The proposed method has been applied to a layer containing buildings and it has been tested on real high resolution images, presenting encouraging results.
